New materials with good antibacterial activity and less toxicity to other species have attracted numerous research interests. Modified Hummers method was used for preparing graphene oxide (GO). Zinc oxide/graphene oxide (ZnO/GO) nanocomposites were synthesized with three different ratios (0.5:1, 1:1, and 2:1) by solution precipitation method. The ZnO/GO nanocomposites were characterized by Fourier transform infrared spectroscopy, X-ray diffraction, Raman spectroscopy, Brunauer-Emmett-Tellerspecific surface area, and transmission electron microscopy image. The characterization results showed that ZnO nanoparticles with a mean size of 12-18 nm were randomly decorated on the surfaces and edges of GO sheets. ZnO/GO 1:1 with a high specific surface area of 65 m 2 /g was obtained. The antibacterial activity of ZnO, GO, and ZnO/GO was tested against Gram negative bacteria escherichia coli (E. coli) and Gram positive bacteria staphylococcus aureus (S. aureus) using well diffusion method. The test results confirmed that antibacterial activity of ZnO/GO was higher than that of GO and ZnO. Additionally, the ZnO/GO with the ratio of 1:1 is the strongest activity and more active against S. aureus than against E. coli and minimal inhibitory concentration (MIC) value of ZnO/GO 1:1 is 80 µg/mL for S. aureus and 160 µg/mL for E. coli. This novel nanocomposite could be used as a potential material for antimicrobial application.
INTRODUCTION
Bacterial infectious diseases are a serious health problem that has drawn the public attention in worldwide as a human health threat, which extends to economic and social complications. Biocidal nanomaterials are an attractive field of science that has the capability to other things such as enhance medical devices [1] , wastewater treatment [2] , food packaging [3] , synthetic textiles [4] , and dentistry [5] . Development of novel and efficient antibacterial agents is urgently required due to the growing antibacterial resistance spectrum of bacterial infections. The control of bacterial growth is one of the most challenging environmental issues since surfaces exposed to media rich in microorganisms can be damaged or lose their functionality. The effects of microorganisms on their environment can be beneficial or harmful or in apparent with regard to human measure or observation.
Zinc oxide (ZnO) has the inherent advantage of broad antibacterial activities [6, 7] , antifungal [8] . Nano sized ZnO can interact with the bacterial surface or with the bacterial core where it inside the cell, and subsequently exhibits distinct bactericidal mechanisms [9] . Interestingly, this aspect necessitated their usage as antibacterial agents, noxious to microorganisms, and hold good biocompatibility to human cells [10] . Synthesis of ZnO particles with a precipitation method in alcohol solution is the most commonly used and promising lowcost route [11] [12] [13] . However, ZnO particles aggregate easily in solution due to van der Waals forces and surface effects [14] . Therefore, the surface of ZnO particles must be modified with an organic reagent or stable polymers to decrease aggregation [15] .
Graphene oxide (GO) is a two-dimensional material with intriguing properties such as large surface-to-volume ratio, robust optical transparency, and electronic transport capabilities [16] [17] [18] . Microscopic characterization has revealed that graphene oxide has a layered structure in which carbon atoms twist to form tetrahedrons, which creates wrinkles and grooves on the surface [19] . Chemically functionalized groups on the π-conjugated planes of graphene oxide allow easy anchoring of covalently bonded micrometer and nanometer particles onto graphene oxide [20] .
Several studies have demonstrated the strong antimicrobial activity of GO against a wide variety of microorganisms, including Gram-positive and negative bacterial pathogens, phytopathogens, and biofilm forming microorganisms. The antimicrobial activity of GO is thought to be mediated by physical and chemical interactions when sheets come in direct contact with bacterial cells [21] . In this study, ZnO/GO nanocomposites were examined with the antibacterial activity and MIC with S. aureus and E. coli.
MATERIALS AND METHODS

Materials
Graphite powder (particle size < 50 μm, density: 20-30 g/100 mL) was purchased from Sigma-Aldrich (Germany); potassium permanganate (> 99.5 wt%) was purchased from Duc Giang Detergent Chemical JSC (Vietnam); ammonia sulfuric acid (98 wt%), sodium nitrate (99 wt%), zinc acetate (99 wt%), and ethylene glycol were purchased from Xilong Chemical (China). Mueller-Hinton Agar (MHA) was purchased from Vietnam. All chemicals were used without further purification. E. coli and S. aureus were purchased from Pasteur Institute in Ho Chi Minh City.
Methods
Preparation of GO
Graphite oxide (GiO) was prepared from graphite by modified Hummers' method [22] . According to this method, 1 g of graphite and 0.5 g of sodium nitrate were mixed together and added in 60 mL concentrated sulfuric acid under constant stirring at a temperature of less than 5 °C. For the first oxidation, 3 g of KMnO 4 was added gradually to the above solution while maintaining the temperature at less than 20 °C. Then, the mixture was heated to 35 °C and sonicated in an ultrasound bath (500 W) for 2 h. For the second oxidation, 3 g of KMnO 4 were added to the mixture followed by a sonication at 35 °C for 4 h. Then, 400 mL of distilled water were added and the solution placed at room temperature. In order to ensure the completion of the reaction with KMnO 4 , the suspension was further treated with 30% hydrogen peroxide solution until light yellow color appeared. After that, the mixture was centrifuged, washed with distilled water until pH 6, and dried at 80 °C to obtain GiO. The obtained GiO was dispersed in distilled water to achieve a concentration of 0.5 mg/mL H 2 O. Subsequently, the GiO suspension was exfoliated by sonicating for 12 h to obtain GO. Finally, GO was centrifuged and dried at room temperature.
Preparation of ZnO
Zinc acetate (3.36 g) and sodium hydroxide (4 g) were dissolved in succession into 160 mL distilled water heated to 120 °C under continuous stirring. The solution was stirred at 800 rpm and maintained at a temperature of 120 °C for 45 min. After that, the mixture was centrifuged, washed with distilled water until pH 6, and dried at 80 °C. Then the samples were annealed in air at 500 °C for 10 min.
Preparation of ZnO/GO
ZnO/GO nanocomposite was prepared with three different ZnO to GO ratios (0.5:1, 1:1, and 2:1). The samples were denoted as follows: ZnO/GO 0.5:1, ZnO/GO 1:1, and ZnO/GO 2:1 by solution precipitation method. Accordingly, 0.05 g of GO and 0.287 g of ZnC 4 H 6 O 4 .2H 2 O were dissolved in 40 mL of ethylene glycol under ultrasonication for 1 h. Subsequently, the mixture was heated to 120 °C under vigorous stirring. Then, 0.102 g of NaOH dissolved in 5 mL of distilled water was added to the mixture. After stirring for 2 h, the mixture was allowed to cool to room temperature and was then centrifuged and washed with absolute ethanol and deionized water several times. Finally, the obtained ZnO/GO was dried at room temperature.
Antibacterial test
Antibacterial activity of materials was tested by the well diffusion method. The sterilized nutrient agar was poured (20 mL/plate) onto the Petri plates and left for a while till the agar got solidified. Two pathogenic strains of E. coli (gram negative) and S. aureus (gram positive) were taken and made into cultures. Fresh overnight cultures of inoculum (100 µL) of each culture were spread onto nutrient agar plate's surface evenly in four different petri plates respectively, the wells were cast by pore (3 mm diameter). The samples along with standard antibiotic (ampicillin) were loaded with equal volume (10 µL) on the plates. Control plate consists of distilled water and antibiotic drugs. The square plates were incubated at room temperature for 19-24 h. Activity was clearly visible from 19 h to 24 h on the plates. A zone of inhibition was measured and the sample of the ZnO/GO showing maximum antimicrobial activity was noted.
The lowest concentration of material that inhibits the growth of an organism was defined as the minimum inhibitory concentration (MIC). The well diffusion method was employed to determine the MIC of the ZnO/GO nanocomposite. Each of the 36 wells was filled with 100 µL of the liquid Muller Hinton broth medium. Into the test well number 1, 100 µL solution containing 640 μg/mL of ZnO/GO that had been sonicated at room temperature and at 10 min, was already added and mixed thoroughly with the culture medium. Then, 1 mL of the content of the test well number 1 was added to test well number 2 and mixed completely. 
